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I ~ TR0DUCT I

In J u l y  1974 we began r e sea rch  on the top ic “Coll isional Dissociat~. o

and Structural Properties of Atmospheric Negative Ions ” for the  Arm y

Research Office under Contrac t DAHCO7-74-C-0031. ~Iic third ‘1 ear of

th is research is now comp lete , and substantial progress has been made .

publications
1 5  

have resulted from this research , two others~~
’7

are in press , an eighth
8 
has just been submitted , and a n i n t h

9 
i s  i n  t~~~

final stage s of preparation for publication . Abstracts of the f1r~ t

eight publications Ore at t tid ied . The research resu~ ts or’ (‘( V i  ( “ ( ( 1  j f l

th e  following section .

E a r l y  in the contract period, the scope of the research was

broadened to inc lude positive molecular ions and photodissociative

processes. Ions thll t have been stc I dur ing  the r - s i ’n r c h
+ - - +are , CO

3 
0~ , and 0

2 
. In .se si g n i f i c a n t  new r e s u l t s  were

ob t a i n e d , a nd new t e c h n i q u e s  we re developed for  t h e  studs ’ of t he  p r p

ties iif excited states. These now t echniques  formed the b a s i s  f o r  a

p rop osE) ! to -\I~) to continue resenrch sped f i ca  l i v  d i  r ect ( ’d  Iowa rd

measurement of the properties of excited St L I t e S  of  molecular ions.
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REsF:~\ uChI iI ;~- i i ’ i ’ ~

+
F o r m a t i o n  and C o l l i s i o n a l  D i s s o c i a t i o n  of N

4

At the beg i n n i n g  oi this contract we an t ic ipated th :I t t h e  ma jo r

effort wou ld be directed toward collisional dissociation . We therefore

began studies of the r e a c t i o n

+ 
kf~~~~~

N + 2N . N  + N (1)
2 ‘~ 4 2

r

.~s a test of our anat~.sis techniques. Initial results have been reported

a t  a conference ,
1 

a more d e t a i l e d  study has been comp leted, and an

ar t i c  Ic ( l ( s c r i b i l g  the stud y is in the f i n a l  s tage s of p r e p a r a t ion  f o r

publication .

To summ a I i  Ze , 0 ha y e  d c  t rmi nec) bo th  I h~ J o  ~~~¼ 1( 1  and leve r SC

— 1 7
ro t c ’ s  f rom R e a c t i o n  ( 1)  ove r the range o f  N f r o m  1))  t o  I ~ ( )  x 10

V cm ( therma l ene rgy  to o . -i o V ) .  The fo rward  r a t  ( I P ( t ’ ( ( S( S f rom
-29 -30 6

5 x 10 to 4 x 10 cm /sec over this range , nd t h e  r ev ers e  r a t e ,
—15 —12 3

collisional dis sociat ion , increases f rom 6 x 10 to 2 x 10 cm .‘sec.

+
Photodissociation of N

4

The photodissociation cross section for the reaction

+ +
N

4 
+ h ~~ - .N  + N  ( 2 )

was measured over the wave length range from 6700 ~ to 5400 A , corres-

ponding to photon energies from 1.85 to 2.30 eV. One motivation for
+

j  this study was to see i i  the photoabsorption was charac teristic of N
2

+ 2  2 +
Transitions Lfl N

2 
(A N11 

— X E
g 

) exist in this energy range . The photo-

dissociation cross section , however, was observed to increase smooth ly

from 0.2 to 2.0 x io
18 

cm
2 
over this wave length range , indicating a

transition to a pure ly dissociative excited state of N
4
+
. A more detailed

discussion and interpretation of this work is inc luded in the previously
9 4-

mentioned paper on

-~~~
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Collisional Dissociation of CO
3 

and 0
3

~lie formation and collisiona l dissociation of (;0
3

k
— f —

0 + 2CO~ -
. CO

3 
+ CO

2 
( 3 )

k
r

has been i nvestigated . The forward rate was measured over the li/N range

f r o m  10 to 120 x io~~
7 v cm 2 

under other sponso r sh ip and has been

r norted .
10 

Data have been obtained on both the forward and re~’ersr

rates up to 500 x 10 
l7 \. cm (2.4 eV ), but analysis of these data is

not yet comp lete because of uncertainties in this type of measurement, s

discussed in Ref. 9.

A t t e m p t s  were made to observe the collisional dissociation of 0
3

up to an l i / N  of 200 x 10 
l7\~ cm

2
, but no collisional dissociation was

observed. Above this E/N, it was not possible to produce enough 0
3

ions to study the collisional dissociation .

A major but unfortunate result of this work on collisiona l disso-

i a t  ion w a s  finding that our drift t uhe  is not the most desirable

experimental a p p a r a t u s  f o r  determining collision al di ss e l a t i o n  rates

f o r  ion s produced in three—body r e a c t  ions .  Since both the fo rwa rd r a t e

and the reaction t ime decre a se r a p i d l y  w i th  i n c r e a s i n g  E :N , ~t i s  d i f f i —

( U I  t to produce a s u b s t a n t i a l  amoun t  of  t h e  p r oduc t ion a t  the high I~ ’N

~‘a h ie s  w~~r r ’  c ’c l  l i s i o n a l  c lj s s o c i a t  ion i s  I m p o r t a n t . Ih~~~e l i f u i c t l l t i  ~

co u l d  h a v e  i)~~, n  overcome w i t h  r a t h e r  s t ra i g h t  f o r w a r d  modi f ic a  ( I o n s  of

the  a p p a r a t u s , hut  by the t i m e  t h i i ~ was c lea r , i nt e r e st  In  c c l i  liii ona l
p

(ii ss r>c i  a t  ion in the a tmosphe i-p had d i m i n i s h e d , and th ere  t I r e , I h . c i i i

a s p e c t  of t h i s  re search  program , s t r u c t u r a l  p rope r t ie s  of a t m o s p her i c

ions , was e m p ha s iZ e d  f o r  t he  remainth ’r of the cen t m e t

3
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Photodissociation Spectroscopy of CO
3

Cross sec t  i o n s  for  the photod issoc i at  ion reac t ion

CO
3 

+ h~ CO
2 

+ 0 ( 4

were ob t a ined  under a d i f f e r e n t  ARO con t r ac t f unded by the I ’ . S . \ rin y

Ballistics Research Laboratories for use in ionospheric and s t r a t o s ph e r i c

codes. These cross sections displayed very sharp, det ailed str icture

indicative of a predissociating excited state . Under the currc t cont r

and an NS F gran t , exper iments  were per formed on the e f f e c t s  of l a s e r

polarization and isotop ic substitution , and all the results were

rnal yzed to yield significan t new information abou t CO
3 

. An art ft Ic
2

descr ibing this work has recently been published ; the re ’- u l t s  t ir e  -ad --

m a r l z e c i  in the attached a b s t r a c t .  The CO
3 

ion is a vcr - ;  imp ) r t . l n ~

species in the D-region of the ionosphere , and i t s  d i s s o c i a t i o n  b y so la r
- 11

photons may have significant effects on the ion and e l e c t r on  d e n s i t i e s .

Because of our success w i t h  C0
3

, a s imi l a r  s t u dy  w a s  made of 0
3

w i t h  BRL suppor t .  An a r t i c le
12 

descr ib ing  th i s  s tud y i s  in p r e p a r a t i o n .

Pho to f r agmen t  Spectroscopy of 0
2
+

P r i n c i p a l  I n v e s t i ga tor  Dr .  Moseley  spent  most  of the per iod  f rom

1 Octobe r 1975 to 20 Ju l y 1976 at the Un ive r s i t é  de P a r i s -S u d  in Orsa- ; ,

France, in  the l a b o r a t o r y  of P ro fessor  Jean Durup . D u r i n g  t h i s  p e r i o i ,

he was suppor ted  p r i m a r i l y by the French C~’n tre  N a t i o n a l  de la Re cherc l~c

S c i e n ti f i q u e , bu t  was p a r t i a l l y supported by th i s  contrac t. His  work

• -~~~~~~ there  was d i r e c t ly  r e l a t e d  to the goals of t h i s  c o n t r a c t .

The ma jo r  research e f f o r t  was a s tudy of the ph o t o d i ss o c i at i c c n of
4 +the a t m o s p h e r i c a l l y impor tan t  m e t a s ta bl e  a ~ s t a t e  of O~ us ing  t e chn iques

of fast beam photofra~ nen t spectroscopy. The observed photodissociation

was identified as originating with the a state , and v i b r a t i o n a l  levels  4

throug h 20 were observed . The dissociating state was identified as

4

— 
- -



a , and information on the shape of t h i s  p o t e n t i a l  obtained . These
— 

:t
r e s u l t s  have recent  ly been pub l i shed  and a re  si l t i l l i a i i  ,‘ (t i i i  I lie i t  t o lic t I

paper.

Dur ing thi s s tudy we discovered tha t  r o t a t i o n a l  and

f i n e  s t ruc ture s t a t e s  of the a state cou ld be resolved by observing

photofragments arising from predissociated levels near the  d is .soc i at i o~

l i m i t .  h i s  new “ th resho ld  pho to f r agmen t  spec t r o s c o p- ” r e p r e s e n t s  a

v e ry  s u b s tan t i a l  advance in r e s o l u t i o n  (more t h a n  t w i  o r d e r s  of n a g n i t c d c -

over norm a I techn iques and has many very  i n t e r e s t i n g  imp~ [cat io n’; f o r  t he

s tudy  of i on ic  s t a t e s .  T h i s  new spec t roscopy  wLs d e s c r i b e d  in P hy s i c a l

R e v i e w  L e t t e r s
1 

and is summarized in the a t t a c h e d  a b s t r a c t .

P ro pe r t i e s  of Dissociating States

As a p a r t  of the c o l l a b o r a t i o n  be tween D r .  N ose ley  and Pr fc s s o r

flurup and his students , 0 s tudy  was  m a d e to s u m mar i z c  -- . a y s  of  u s i n g  I o~e1

t h o t i  f r a u i - i c n t  s p( -c t r o s C o py  to  stu d y d i s s o c iat i n g  s t a t e s  of  m i o l e c u l a r  j - ~ n e .

F o r  cc j u v i  ted t a l k  a t  t h e  S e v e n t h  I n t e rn a t i o n al  Co n f e ren ce  oti ‘T. ~~ S
5

Sp e ct  r omet  ry , In a r t i c l e  w a s  p repared  d e s c r i b i n g  the  r e s u l t s  of t h i s

s t u d s :  an a b s t  r a c t  i f  t h i s a r t i c l e  is  inc luded  w i t h  th i s r e p o r t . The

a r t i c - I t  dI~ 5 ( 0 5 5 1 ’ S  T ) r ( ci s(  m eas u r e m e n t s  of the  energies  of the  absorb ing

l e v e ls , d e t e i i i l f l ~i t  Ion of i n d l i v i d l U a l  ph ot o d is so c i at i o n  c ross  sec t ion s ,

l ’ i c rrl fi t i ’  ‘ a  t h e  P o t e n t i a l  ( U l ~~~~ I f t h e  d i s s o c i a t i n g  s t a t e  ci ~~l in

Pc le n t  t~i l I n c  r i i e i ’ s  g i v i n g  r ise  to qu a s i — b o u n d  s t a t e s , e s t i m a t i o n  o f

d l s a o - I a t  I n n  o r  J ) r e d i s s u ci a t  ion t i m e s  on the  o r d e r  o f  a f r a c t  i a  c f  ~

ra t i l l  on pe r iod , evidence  for  v a r i o u s k i n d s  of t~red i ssoci at ion , mea su i’~~ —

m en t s  of b r a n c h i n g  r a t  los  between f i ne — s t r u c t u r e  or v i b r ; i t  ion a l  l e v e l  s

of  t h e  p h o t o f r a g m en t s , and study of coherent superposition s of

t l i s s c i a t ing s t a t e s  of d i f f e r e n t s ym m e t r y .

5
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Lonstruc tion of Photofragment Spec trometer

I t  i s  c l e a r  f r o m  the  p r e c e d i n g  d i s c u s s i o n  of the work  at  O r s a ’

t h a t  the t e c h n i q ue s at ion ph o t o f r agm e n t  spec t ro scopy  are very w e l l

y;i i ted i the  s t u d i e s  of s t ruc t u r a l  proper t ies  of m o l e c u l a r  i o n s .

h a ve  j u s t  comp l e t e d  c o n s t r u c t i o n  c)f a fast ion beam photofragment

s p e c t r o m e t e r  if unique capabilities in order to continue these studies.

The construction i f  t h i s  a p p a r a t u s  was suppor ted  j o i n t l y  by the c ’ ;r r e i ; t

SRi i n t r i c t , an AFOSR con t rac t , an N SF g ran t , and SRI  i n t e r n a l  l i d s .

.~~~~ a c  i i  I t ’  de ; ribing this apparatus has just been submit ted for

public ‘Jon . A prepr in t of this article is submitted to  ARO wi  ft t h i s

r t’ r c t t , tad an abstrac t is attached to this report.

F i c;ure I show s the a p par a tu s~ r ecen t ly cons t ruc t ed  at SRI , w h i c h

can b~ used for both crossed and coaxial beams ph o t o f r agm e n t  sp e ct r o s c ip- ; ,

as well as the high re solution velocity-tuned spectroscopy which will 5.-

discussed Later. For all these experiments , ions are extracted fr~ c

an ion source , accelerated to a few thousand volts , and the species  to

be studied is Se leetcdl by a mass spectrome ter. These parent ions are then

collimated to 2 mrad and bent  through 90 degrees into the laser interaction

region . Here the intracavity photons from a fixed frequency or tunable cw

laser can be either coaxial to the ion beam or crossed with it. For

photofragment spectroscopy, any photofragment ions produced in the inter-

actio n region are bent through 90 degree s and aga in c o l l i m a t e d  t i c  2 n i a d  s

that only photofragments directed along the beam enter the energy aaalyzer .

The energy ana lyzer is capable  of r e s o l v i n g  p h o t o f r agm e n t  ene rg ie s  t h a t

correspond to about 10 meV in the center of mass. The coaxial beans

arrangement is used to maximize the over lap be tween the pho tous tiid j o i n -

and is best suited to the stud y of perpendic u lar transitions , since the

laser polarization is necessari ly perpendicular to the beam directi on.

The crossed beams arrangemen t can be used to measure the angular distribu-

tion of the photofragments by rotating the laser polarization , and to study

paralle l transitions.

6
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Figure 2 shows a photofragment kinetic energy spectrum for the  t r a n s i t i o n

+ 4 + 4 +
0 (a ) + hi~ 0 ( f ) ~ + o ( 5 )

2 u 2 g

obtained on this apparatus wi th crossed beams. ‘I’his transition was

st u d i e d  e x t e n s i v e ly  last year at Orsav ,
3’4 where th e f state Was

— g
observed for the first time , and its general shape and location determ iaed.

The hi gh sensitivity of the apparatus shown in Fi g. 5 , due to

t h e  coaxial beams configuration and use of intracavit; laser tc ’c 1 1 ’ i q u-s ,
13 1

Ii as p . rmi t I d a d e t a  i led s tud y of A i~~ 
u n d e r  o the r sp a si i - s i t  ip .

ion is of h igh  f u n d a m e n t a l  in te res t  and has  been the subjec t if i u ; i n v

scat t.’ring experiments and calcula t ions .  This  s t u dy  resul  t ed  i n  a

2 + 2 2 +
det e rmina t ion  of the ~~ , , and E p o t e n t i al  curves t o  in

u g g
a(cura (’y of about 20 meV , as wel l  as explanation of the effects of hi ’

spin—orbit interaction on the potential curves, the magnitude and wave-

length dependence of the cross section , and the angular d i s t r i b u t i o n  of

the photofragments. Similar measurements have been made on Kr , , cod

the results are now being a n a l y ze d .

Note in Fig. 2 the large photofragment peak at W = 0. Since near

N 0 the resolution of center-of-mass energies is highest (see upper

scale) , and the possibility exists for predissoc iation of the b 
14~~ - 

s t a t e
4 

g
and of rotational predissociation of the f Ii state , a stud y was made of

these near-zero energy photofragments as a function of wave length. Ib i s

resulted in the discovery
4 

of a strong and highly structured pr edissoc iitL~a ,

where rotational and fine structure levels could be resolved . A small

par t of this predissociation photofragment spectrum corresponding to ti-ce

t rans i t ion

O
2
(
~ u ’ 4

~ 
+ hv °2~~~ 

Eg~~ V=4) 0
+ 

+ 0 (6)

is shown in Fig. 3, where the predissociation is presumably by the f state .

At slightl y higher photofragment energies around 20 meV , roa tionally pred isso-

ciated levels of the f state appear to be observed directly, and at

8
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p hca t o f r ag m en t  energ ies near  90 mcV, transitions be tween t h e v = 5 l eve ls

of the a and b s t a t e s  are observed .

In the  coaxial confi guration , the ions in fast beams can have a very

narrow Dopp ler w idth for the absorpt on of laser  photons . Fine “ t u n i n g ”

of the absorption wave lengths can be achieved with a fixed laser frequency

by varying the ion beam ve locity and Dopp ler-shifting the absorption lines

through the laser frequency. This effec t was first demonstrated by
1-1 +

.~ in g  c t  al . l i i r v ib r a t  i o na l  t r a n s i t i o n s in  Hi )  , and  h a s  sitiist’qiit Ii l l v

been observed f o r  c’~ ec t r o n l c  t r , i n s i t  i U f l 5  in (U ‘nd l i c e  t h e  I r i n s i  t l’ ’i i s

(3) in 0
2

An example of a v e l o c i t y - t u n e d  spectrum is shown in Fi g. 4. To

obtain this spectrum , the beam energy was swept from 3180 to 360() eV

wh i le the laser was operating at simple-frequency near 5818 .. While t ic ’

absolute wave length is uncertain by ± 1 !, the relative wave length is

precise to within ± 0.0005 ,~~. The five distinc t peaks and the shoulder

all lie within the band of 0.2 A indicated in Fig. 1, and toge ther make up

the peak labeled 5815 .3. The peak widths in  thi s sp. cl rum v a r ~- f ron t
—6 —6

0.7 x 10 eV to 2.9 x 10 eV , reflecting the lifetime of the pr&’disso—

ciating states. This technique should yield nteasurements of t r a n s i t i o n

energies that ar. on order of magnitude more precise than cxi sting

spectrographic measurements.

The above—described v e l o c i  tv—tuned spcctroscopv can also he app] ied ,

u s i n g  ~hc c oI l  i sj on a l  detection scheme of Wing ci al . ,
~~ 

for both c t

t i o n a l  and e l e c t r o n i c  t r a n s i t i o n s . Th is t echn i que has t h e  a d v a n t a g e  of

not  r e q u i r i n g  t h a t  the  t I t f l I S lt i O f l  lead t o  p r e d i sso c i a t i o r ., b u t  i t  r e q i l i

t h e  u s e of  phase— sensitl ye ( l et e Ct  ion  since a s m a l l  change in the primar y

I ii c u r r e n t  m u s t  be ‘ibse rved

-
‘ 

This  new spectrome te r c l ea r l y represents a substantial advance io

our ability to stud y mo lecular ions . Its capabilities can now be used

in the proposed continuation of the work reported here , as welL as in

ongoing stud ies sponsored by AFOSR and NSF .

11 

- - ‘-.- ‘a.- :~~~‘. -~~~~~~- - -  — — — - --
~
-—--



I I I

O2~ 
+ hv -+ 0~ + 0
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XLAB = 5818A
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-

5815.35 5815.30 5815.25 5815.20 5815.15
ABSORPTION WAVELENGTH (A)

SA-5495-15

Figure 4. Ve loci ty-tuned pho tofra~ nent spectriun corresponding
I - — to the peak indicated by 5815.3 A in Fig . 3.
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t :o~ CLI~S ION

This three-year research effor t h - i s  r e s u l t e d  in a s u b st a n t i  - i i

+ +
inc r ,jse in our know ledge of d Ls s o c i a t iv e  processes  in , 0

2 
, and

CO
3 

and valuable new information on the excited states of these ions.

A uni que new coax ia l -beams  pho to f raginen t  spectrometer  has been c o n s t r u c te d ,

parti ally supported by this contrac t , and the capabilities of this new

a i~~ : ra til s have been (lemon st i - a t  et i  . Pt ff1 cii i t  Ic  s we re e n c ou n  I e i c d  in us i og

t h  , i r i f t  l u b e  a p p a r a t u s  t o  m ( ’a s u i r .  colli sional chiss i ci . , t i i i c  r l I e s , bu~ i t

ia  now c l e a r  how these dii ficu l ties (an he overcome . If t b - r e  r a te s  a t

needed in the future , th e~ c o u l d  he ne termined aft e r making st r~t I gh t f i t - u rd

modifi cat ions to our  a p p a r a t u s .

l’he number of publ ica tions , nine , suppor ted f u l l y or in part by t h i s

contrac t is unusually large for a contrac t of this size . Of course ,

the work done in Orsay, while directly re lated to the objectives of this

contract , was suppor ted pr imar i ly by the France Centre Nationale de Ia

Recherche Scientifique , and the construction of the new apparatus was

jointl y suppor ted by ARO , AFOSR , NSF , and SRI. Abstrac ts of each of

these publications follow the references.

p
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1. Published in ELECTRONIC AND ATOMIC COLLISION S, Abstracts of Papers of

the IX ICPEAC , Eds .  3. S. Risley and R. Ceballe , (Universit y (if

Wash ing ton  Press , ~h ’a t 11, ’ , 1975 ) ,  p. 7 .

P110105 AND COLLIS IONAL D ISSOCIATION OF N~

THOMAS H. M ILL E R , JOYCE L . HEID R I CH , an.) JOHN T . MOSELE Y

M olecula r Physics Center , Stanford Re search Institute
Menlo Park , Californ ia 9-1025

The photod i~~so u ia t 1 on  process

N~ + hv ..5 + N
2 (1)

has been stu die d b~ ob ’3ervation of both the destruction of the parent 5
4 

and of

the appearance of the photo fragment N;. The techniqu e is described in two
1 2

other papers to be prc-w’nted at this na~ettng . A tunable dye laser is used to

cover the range 5650-6400 A . The cross section was observed to increase steadily

with photon energy in this range . The results are shown in Figure 1.

1.0 — 

I I I ~ I

0. 8

p 

0 . 6 —

~~~~i 0 .4 —
- ...-..

U,
.—

U, •.... —

~ 0 .2 ~~~~~

~ 
1 . 1 1 1 I I 

-

6300 6100 5900 5700

WAVEL ENGTH (~ )

Fig. 1. I’hOtOdlssoc jStj( ,fl cross sect ion for N~ . The
sta t i s t i - a l  ~.i’  u rt ai r i ty i n  the points is < 5%. The uncer—
ta in ty in the absolute scale is about a factor of 2.

We were interested to see if th e photon abs orption was characterist ic of

i .e. , is N~ an N~
’ • N c luster? There is a transit ion X2

E~ (v=0) to A 2
11 (v =4)2 4 2 2  g u

of N in our energy range , et 6124 A. We did not observe any Structure in the

cross sect ion ; however , the Franc k-Condon factor for t his  t r a n s i t i o n  is only

0.01 . A ll  of the pho todt ssoctatton was observed to be into N + N 2. S i mi la r

meas urements on N~ showed no evidenco of photodlasociation of N in our energy

range , ~nd no N
+ tons were observed to be created as a result of the photon.

interact ions . We expeCt to extend tho photon energy range of this work .

C. are also studying the collisional dissociation of

15
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+ N~ ~; + 25 , (2)

which has been previously observed to take place in conventional drift tube

apparatuse s .
3 

The N bond energy is apparently weak enough that reaction (2)

can take place in the drif t  tube when the ions have a few ST of energy. In our

apparatus , the N~ ions can be given an average energy of up to 0.2 cV .

•Supported by the U.S. Army Research Offi ce-D urham .

1. J . T. Mo seley, P. C. Cosby , J . L. Heidr ich , and J . R . Peter son ,
“Phot odissocia tion and Exc ited States of C0 and C0 .H ,

‘ submitted
3 3 2

for presentation at this conference .

2. J . ft . Peterson , P. C. Cosby . ft . A . Bennett , and J . 1. Mose ley ,
“Photodi sSociation and Photodetuchment of 0~ , O~ , and O

4~~ 
subm i tted

for presentation at this conference .

3. 8. N . Varney, Phys . Rev . 114 , 165 (1968).

2.

2512 The Journal of Chemical Physics, Vo l. 65. No. 7, 1 October 1976

Photodissociation spectroscopy of C03
J. 1. Moseley. P. C. Cosby, and J. A. Peterson
Molecular Physics Center. Stanford Research lnsruute , Men lo Park. (~i I : f , r s r i  ~4O2~(Received 6 May 1976)

The photo disso c,at ion cross section of gas-p hase CO, has been measured over the wavelengt h rariwe c m

4579 to 6940 A. and reveals detailed structure reflecting ihe v ibrati ona l spacings of a predissocuating
escited electronic stat e. From an analysis of the structure , we identified three vil~rational modes p t  the
escited state hav ing energ ies of 990, 1 470. and iSO cm The bond energy DICO.-4) I of the ground
state CO, was determined to bc I 8~tO I eV , and the electron affin ity ot CO , was found to be ~ 3 r~
By compan son w ith t heoretical calculations, the lowest predissoctating state was identified as I ~~.

Observations regarding other etcited states of CO, are made.

16
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3.

Cheimcal Physics I’ 11976) SI -89

~ North-h olland Publishing Compuns

LASER PHOTOFRA GMENTSPECTROSCOPY OF O~ : 
~~~~~~~~ 

-.

Abdal!a h TAB CFf E -FOUHA I LLE . Jean DURtJP. John T MOS E LE Y
Jean-Bernard OZENNE , Chri stian e PERNOT and Mireille TADJEDD INE
La bor agoip e des Collisions loniques Lniverri t é de P aris-Sud, 9/40 5 .- Or~~s ’, France

Rece ived 20 April 1976

Translational energy spe ctra of 0i
~ tons from photodisso ciation o f  6f)~ and i8 O~ Ions by a rut laser and i flash-lamp

pumped tunable dye laser in a crossed-beam experiment are reported. Irom the observed st ructure and f rom its an~ ular
dep

2
endence the transition is identified as £ 4 H~ 

4 11g. where the upper sta te belongs to configuration I o~ I o~ 2o~ 2a~3a~ I e~ lrr ,~. The individua l vibronic levels whose photodissociatton was observed range from u ~ 4 to u’ = 2’~ inSo~ne oa se s we re observed w here rotational energy was energetical ly req uired for photodissociation to occur I nJfl~ - its -
t inct re producible struct ure observed in one spectrum is tentatively attr ibuied to the tine structure of the 0( 3 P,
ment.

4. Physical Review Letters , Vol. 37 , No. 14, page 891 , Octol er 4, l9~~

High Resolution Threshold Photofragment Spectroscopy of 02 ~(a ~H u ~~f 4 fl~
j .  T. Moseley , M. Tadjeddine, J. Durup, J.-B. Ozenne , C. Pernot , and A. Tabché-Fouhajllé

Laboraloir, des Collision s I oniqses. T’niversit~t de Pa rts —Sud , 1405 Ors av. F’rance
(Received 20 July l97~ l

A new technique of laser photofragment spectroscopy is int roduced and applied to a
study of transitions from the v 4 level of the a l11, , state of 

~~: 
to predissociatir~ levels

of the ~ ‘II. state near the dissociation limit. A resolution of 0 . - Me~’ Is obtained, and
specific t~ , .J levels of the a state are identified. Much higher resolution Is possible .

‘Sm
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5. Advances in Mass Spec trometry 7, in press.

D i s s o c i a t i n g  S t a t e s of Mo lecular Ions Studied
by Lase r Photof ragnent  Spec t roscopy

Jean Durup , John T. Mose lev , Jean-Bernard Ozenne , Chr istiarte Pernot ,
Abdallah Tabche-Fouhaille , and M i r e i l l e  Tadjeddine

Laboratoire des Collisions Loniques, Universite de Paris-Sud ,
9 1405 O r s a y ,  France

ABSTRACT

On the basis of our current experimental and computa t ional  work on

laser photofragnent spectroscopy of mo lecular ions , including thresho ld

photofragnent spectroscopy, we discuss the kind of data which may be

obtained by these me thods. They inc lude precise measurements of the

energies of the absorbing levels , determination of individual photodisso-

ciat ion cross sections , informat ion on the po ten t i a l  curve of the

dissociat ing s tate  and on po ten t ia l  barriers giving rise to quasi-bound states ,

estimation of dissociation or predissociatiori times in the order of a

frac tion of a rotation period , evidence for various kinds of predissociation ,

measurements of branching ratios between fine-struc ture or vibrational

levels of the photofragnents, and study of coherent superpositiorts of

dissociating states of different symmetry .
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6. Review of Sc i en t i f i c  In s t r u m e n t s,  itt p r e s s .

DEFLECT ION OF AN IC!( BEA M IN THE TWO—DIMENSIONA L

ELECTROSTATIC QUADRUPOLE FIELD

H. D. Zeman
Molecular Physics Center , Stanford Research Institute ,

Menlo Pa rk , Californ ia 94025

ABSTRACT

The theory behind the use of a two—dimensional quadrupole f ield as

an ion beam deflector is discuøsed. The design of such a deflector for

msrging an ion beam with an ion beam of the opposite charge , with a

neutra l atomic beam , or with a laser beam is described . A deflector

tha t has been built and tested is described . It can deflect a 3 kV ion

beam of 2 mm diameter , ± 2 mrad angular spread , and - 1 eV FWHM energy

spread , by 90
0 

withou t causing a detectable increase in the diameter or

angular spread of the beam.

I
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7. To be published in ELECTRONICS AND ATOMIC COLLISIONS, Abstracts of

Papers of t-lw X ICPEA C , Paris , 1977.

+ 4 *ThRESHOLD PHOTOFRAGMENT SPECT ROSCOPY OF 02 ~~
1’ $ 1’

H. TADJEDDINE , B . A. HUBER , R. ABOUAF , P. C. COSBY and J. T . MOSELEY

Molecular Physics Center , Stanford Research Institute
Menlo Park , California 94025

Threshold photofragment spectroscopy of the metastable a
4

fl state of O
2~
’, 

—

originated last year at Orsay,1 has been applied with an order of magnitude higher

resolution , revealing even more detailed struc ture than had been predicted. W i t h

this technique , one investigates photodissociations near the threshold which result

in near zero energy photofragments. These photodissociations can be due to a repul-

sive potential , to quasi-bound levels (such as in rotational predissociation), or to

the predissociation of a bound state. For predissociations , the resolution depends

only on the lifetime of the dissociating level and the linewidth of the laser. The

characteristics of the photofragment spectra versus kinetic energy and wavelength

allow the dissociating state to be identified , and levels of both initial and final

predissociating states determined.

The measurements were performed using a new coaxial-beams photofrag ment spec-

troineter2 and a cw dye laser w i t h  a line width of abot~t 0.2 X . A part of the

spectrum versus wavelength for a photofragment energy of 0 ± 1 meV is shown in

Fig. 1. The photon energy required to dissociate the v.4 level of the a s t a t e

from the center of the four fine structure levels with no rotational energy to the

I I I I I I I I I I I I I I I I I J

~ 
30.000 0~ (S~ii~ , ~, . 41 + 1w -. O + 0

I i  u i 1  I I l ! I I l l I l I I i  I l i i i  l i i
S83S 5830 58?5 5820 5815 5810

WAVELENGTH — A

Figure 1. Thresho ld photofr agm. nt spictsan of 02
”
~(a4’fl~ ) + hv.
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lowest dissociation limit (O~(
4
S
0
) ÷O(

3
P
2
)) corresponds to 5791 ~~~. Peaks are

separated with a resolution of 0.05 meV . Spectra such as that shown in Fig.  1 have

been obtained over the wavelength range from 5760 to 5900 A , for 11 dissociation

separation energies between O and 300 MeV. In addition , spectra in kinetic energy

have been obtained at the wavelengths corresponding to each major peak in the wave-

length spectra . Although analysis of these data is not yet comp lete , some con-

clusions can be drawn . First , there are too many transitions to be explained by
1 4

only the previously proposed dissociation of quasi-bound levels of the f fl
g state .

Second , the transitions appear to be grouped in three photofragment energy ranges :

0—10 meV , 15-25 met’, and 90-100 meV. A preliminary analysis suggests that the first

energy group corresponds to the transition ~ (v . 4) a 
4
fl (v 4); the second

4 S U
to f II — a fl (v . 4); the third to b E (v = 5) — a II (v 5).

— g — U — g — U

* Research supported by NSF and ARO.

Permanent Address: Universit’e de Paris-Sud , Orsay, France.
$

Permanent Address: Rühruni versita t , Bochum , West Ge rmany .
1 
.1. T. Moseley, H. Tadjeddine , .7. Ourup , J.-B. Ozenne, C. Pernot and A. Tabch~-

Fouhaill ’e , Ph ys .  Rev. Le t t .  37 , 891 (1976).
2 
B. A. Ruber , T. M. Miller , H. D. Zeman, R. L. Leon, P. C. Cosby , .7. T. Moseley,

and J. R. Peterson, “A Laser-Ion Coaxial Beams Spectrometer ,” submitted to

Rev. Sci. lnstr.
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B. S’thnitted to Review of Sci en t i f i c  Ins t ruments

A LASER-ION COAXIAL BEAMS SPECTROMETER

B.  A.  Huber , T . H . Mi l l e r , P .  C.  Cosb y ,  H. D. Zeman ,
R . L. Leon , J .  T. Moseley ,  and J .  R.  Pe t e r son

Molecular Physics Cen ter

S tanford  Research I n s t i t u t e, Menlo Pa rk , Cal i fornia

AB STRACT

An apparatus has been designed and constructed to provide laser

exci tation of ion beams in both coaxial and crossed-beam configurations.

The coaxial geometry provides very high sensitivity and nearly Dopp ler-

free wavelength resolution for spectroscopic measurements , and allows the

use of the Doppler shift to “tune” the wavelength . A novel transverse

quadrupole electric field arrangement is used to deflect the ion beam into

and out of the laser beam axis. The ion beam is highly collimated and a

high resolution 180
0 

electrostatic analyzer is used for photofragrnent

energy analysis. The appara tus has demonstrated a resolution of better

than 10 meV for normal photofraginent spectroscopy , and 0.001 meV for

coaxial beams photofraginent Spectroscopy using a single-mode laser. While

providing these high resolutions the appara tus has an overall sensitivity

several orders of magnitude greater than conventional ones .
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